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Description 



Site-Specific Recombination of DNA in Yeast 
BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

This invention relates to a method lor producing site-specific recombination of DNA in yeast 
Background of the Invention 
10 Yeast are a promising host for commercial applications of nenetir pn^^ a 

^ andjS ,o yield two oX^^^S^S^^^^S^ 
only m the presence of certain E. coll proteins andSt protein of SSSSSr,^ 
regulate gene expression of E. col langeveld etaLMoLGen. G^r^SS™ ^S^! canbeusodto 
» of an E. coli phr gene in yelsTsa^gl^^^g^^^-^ 400 (1385 > <fisctose a*"**™ 

Summary of the Invention 

c) a third DNA sequence comprising a second lox site 

Figure 3 represents the modification of chromosome 7 of yeast strain DRwii aft ^ ^ 

^^p^^or^ 

- pr^S^irSSr, tSiS S 6 "® ' rom yeast strain BSY38 after activation of the GALi 
indicated in kftebases (kb) indicated by f. The distance between Eco Rl sites is 

so Z£fi ^CoTJSt^r ■» * -~ *— — station of .heTTSe 

^ ,h ° eXpreSSfon Specific recombination- is intended to induce the following three 
1. deletion of a pre-selected DNA segment flanked by lox sites. 
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2. inversion of the nucleotide sequence of a pre-sdected DNA segment flanked by tax sites and 
. ^ exchange of DNA segments proximate to lox sites located on different DMA molecules 

^^,n S rZLifL erS '° 3 ^ ' ra8mwrt 01 *"»«- W "^-stranded deoxyribonudeic addiSS" 
which on be derived from any source. The expression "DNA in yeast* includes an DNA present in mst ceBs" 
^„^f d a 9 ene « "tended to mean a DNA segment which is normally regarded as a gene by those 
***** "^ 8 ^ t w Tne expression 'regulatory molecule- refers to a polymer of ribonucleic acid (RNA) or a 
polypeptide which is capable of enhancing or inhibiting expression of a gene 

Regutetory nucleotide sequence", as used herein, refers to a nucleotide sequence located 5' to a oene 
whose transenphon , s controlled by the regulatory nucleotide sequence in conjunction with the Oene 

wrXTh^ ^ " PreSSi0n ,nucte0tW8 -quence" refers to a pd£ner of DNA « RNA; 
which can be smgte- or double-stranded, optionally containing synthetic, non-natural, or altered iwcleofides 
capable of oxorporabon into DNA or RNA polymers. As used herein, a "regulatory nudeotide seq^S 
?^**™?* r reg '° n - aslha,,ermis «>«ventionally employed by those skilled in the art A promoted 
^IV^l *" aSS f CBtK>n re9on r9C °9 ni28a by an RNA polymerase, one or more regions which 

control the effectiveness of transcription initiation in response to physiological conditions, and a trar^ripSon 

£^ SeqU< ^f G .!l e ? rQdUCt ' re,ers 10 a Peptide resuttingirWtranscription. trans^Z 
optionally . post-translational processing of a selected DNA segment • 

JUT^T^?^' " fifS L DNA s * ,uenca «»»P«W"9 a regulatory nucleotide sequence and a ere gene is 
Reduced Into DNA in yeast. Suitable regulatory nudeotide sequences include GAL1, GAL10 ADH1 CYC1 
«W 7JRP5 promoters. GAM and GALtO promoters are present on plasmid pBMWwhid7fei desa*edtar i 

*^„?*V?*L"° 1 ^ ^Z"*" * 144 ° ,1384) - ^ ^Hl promoter. L called ADC,. Z 
£^J^L wh,eh « desenbed by Ammer. Methods Enzvmol. . 101:192 (1983). Th^CYCI promote, is 
S^^L™ 63 61 ?- — • ~ m ,1981 >- ^e TRPS promoter is described byZalkin andYano^ BW 
Chem.. 257:1491 (1982), Preferably, the regulatoryTudeotide sequence is a 6AL1 promoteT 

rJH^^V^ the E? » » recombinase herein designated 'Cre^ich effects site-specific - 
recornwnatton of DNA m yeast at tax sites. As used herein, the expression "ere gene" means a rJeofcte 
sequence which codes for a gene product which effects site-specific recombination of DNA in yeast at lox 
, 3 *"-° ne H5 9ene can be isolated from bacteriophage PI by methods known in the art. One method to? 
^fating a ere gene from bacteriophage PI is disclosed by Abremski et aL. CeD. 32:1301-131 1 (1983) E cofi 
DH1 and yeast strain pBSY90 transformed with plasmid pBS39 carrying a~cre gene teobted fro^ 3 

re9Uhte,y nUC,80tkie have be^Le^thS aSSS, Type 

OuMure Collection (ATCC) and bear deposit accession numbers ATCC 53255 and ATCC 20772. resoecuVehT 
The ere gene can be isolated from plasmid pBS39 with restriction enzymes Xho I anS7 * 
in^ltf IfrSI^ f^! 8 """Prfeirig a first tax site and a second lox site, respectively, are also , 
^^^?K„ As used herein the expression "lox site means a nudeotide sequVn^at wnich^ 3 
gene products the we gene can catalyze a site-specific recombination. LoxP site is a 34 base pair nucleotide 

aTo^Jlt S£ ^irS?*^ P1 ** ""*«*>* ^^the art. One methodlSaS 
a L£xP site from bacteriophage P1 is disclosed by Hoess et al.. Proc. Natt Acad. Set US A 79:3398 (1982)The 
^sae consists of two 13 base pair inverted repeats se parated by an 8 base p7r ipa^S S « 
nucleotide sequences of the insert repeats and the spacer region are as follows. 
ATAACTTCGTATA ATGTATGC TATACGAAGTTAT 

|coB DH5 Abe and yeast strain BSY23 transformed with plasmid pBS44 carrying two loxP sites connected 
w£a^U2gene have been deposited with the ATCC and bear deposit acc^ram^ATCcSsTS 

anTL^Xho^a^rn 3& ^ * T*^ ^ PBS44 reStriCtfo " e "^ 3 45 

Sfi « LmS££ add f on : a ^selected DNA segment can be Inserted into pBS44 at either the 

L^I ^nl^^iT*™ ** e *^ echnk,0es "~ h °» Other suitable lox sites included? 
-#-^^^!? nuciec,kte sequences isolated from E. col These sequences are disdosed 

and described by Hoess et al„ Proc Natt. Acad. Sd USA. 79 3398~i9»> a«ciosed 

^ Sft8 ^ a t^. 5 * 9 «£! 51,83 can also be produced by a variety of synthetic technique, 50 
5S? 10:1755 (1982) and OgBvie et at. Science. 214:270 (196TT - 

P^!S?I!! I!Sf 1UCin9 DNA SeqUanc8S '"to DNA in yeast at pre-selected regions are known in the art 
PrrferaWy. the DNA sequences are introduced by a plasmid capable of trar^onSng yeast^rX clrv^ 

rf^Z^^ B r^ menf ' m8 ^ SeCO ° d - ^ ^ DNA sequences SXedTo * 
o^^Mernattvely. the DNA sequences are introduced into two different strains of yeast of opposrtTrrSC 
DC^r^^r* T^ 0 ,0 ^e single strain having aO three DNA seK^KM 
ptosiwd contains either (1) a nucleotide sequence of DNA homologous to a resident veast seouencaten-^ 

Z^LZZT repeca,roo h Teast One nudeotide sequence which perWs aXtomoua " 

phsmds capita of transforming yeast includes YIP5. YRP17 and YEWrTlSsedksmids are dtadLJ.^ 
Bsressjon (ed. Strathem et al.). (Cold Spring Harbor Laboratory. Cold Spring Harbor NV. 1982). at page SO? 
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Most preferably, the plasmid for introducing a DMA sequence comprising a regulatory nucleotide 

and a ere gene is pBS39 or pBS49 and the plasmid for introducing a DMA secuem£^n^„ 

PBS44. P BS47. pBS42, pBS43 or derivatives thereof canyingT^^e^tS^w ^ !! 

addition to the LEU2 gene located between the firsTand second Ses ™ 

tiansformed with plasmids pBS39 and pBS44. respectively, have beeTdSositS wt STaS^S 

deposit accession numbers 53255 and 53254. respective^. Yeast strains 

plasrmds pBS39 and pBS44. respectively, have also been deposited with uTaTO a^eT^S 
^Z^ZZ 00 ^ ATCC 20773 ' ' es ^ e| y- ThVse yeast strains ^poSe mTCtS 

* ^ ^ haVin9 Pbsmid P* 539 ^ a PBS44 modified chrSn^T KvT 
it should be understood that the availability of a deposit does not constitute a BcenseTp^K^DTrt 
invention m derogation of patent rights granted by governmental action. * 

The tax site is an asymmetrical nucleotide sequence. Thus, two lox sites on the same DMA molecule can 
have the same or opposite orientations with respect to each other. Recombinations betwee^oTsEnme 
same onentauon result* a deletion of the ONA segment located between the two lox sites. TheBetetetJD^ 
Stl^nJ^T^! of DMA The original ONA and the resulting circulaFmolecule each conSa 

^J^ f^TT telWe *" ~ SitM m ° Pp0si,e orierrtaUons on the same DNA molecuteSTh 
an mverstonofthe nucleobde sequence of the ONA segment located between the two lox sites In adtfrtton 

S°2 !^ e r l^l!f 9nlen,S p, ° Xima,e 10 !2* 'ocated on two different ONA SSSfSn* 
oecw. All of these recombination events are catalyzed by the gene product of the ere gene 

J? n^ ri,r b ° <lim ^ 0 K me present invention - 1,18 second and third ONA sequi^ces are introduced 
into DNA « yeast connected by a pre-selected DNA segment The segment can be a aene cranw^ 

SJ^^ 6 * 5 , 0 ' h0m0 '° 90US - ^9«" " sylSc ^MeSt 
preselected DNA segment is a gene for a structural protein, an enzyme, or a regulatory Inolecuteathe fr2 " 

TJ?°2 £ 51165 T B orie « activation of the^ory nuclS^ ^procS^ 

^ J£ Pre " S f eC,ed DNA se 9 menL »»* first and second lox "sites have opposite SStl 



UTILITY 



Genes engineered into yeast tor producing a foreign protein are often placed under the control of a htnhh, 

w£Z^£ 21"***. 1 US Pr ° n,0,er ^ resul,in *> overproduSf^S^hteSS 
w^ tt«growth of me engineered yeast. This overproduction of the protein can make it dfficun TtoW 
engmeered yeast in sufficient quantity lo make protein production economically te^te^ne pre^nt 
«ventf^p«^des a meftod whereby engineered yeast can be grown to a desired XoZ^L 
the engineered gene. The engineered gene Is expressed, as desired, by activating a regulatory nuckS 
sequence responsible ^ controlling expression of the ere gene. Methods of controLg 
engineered gene according to the present invention mctode the following- 

( 1) A DNA segment flanked by tax sites in the same orientation is introduced into DNA in yeast between 

DnHSu^ ^S^f^t 1° ^ the promo,er inca P abte °' ^pressing the gene. A second 
rma ^ 3 re 9 ulator y nucleotide sequence and a ere gene is also Wroduced in the 

MT 66 ,^ ye3St 3,8 9 rown ,0 a ^sired density. theTTgutatory nucleotide sequence is 
ae^edmerebyeffeeuhg expression of thecreger« ami produdr^adetetionof the Dr^se^n?The 
engineered gene would Mien be expressed. nB 

(2) Agene for a regulatory molecule flanked by tax sites in the same orientation is Introduced into DNA 
h yeast The regulatory molecule Inhibits expression of an engineered gene A second DNA seouenca 
COm ?™?> 3 regulatory nucleotide sequence and a ere gene is also introduced into the DNA. After tha 

t^^J^l^^ t0 3 d8sired density ' me regulatory nucleotide sequence is activated thereby 
effecting expression of the ere gene and producing a deletion of the gene for the regulatory nwS.The 
engineered gene would then be expressed. *^ ecure - ,ne 

ht^JTt^i 6 " 6 bCki ? 9 3 pr0mo,er "* flanked oy*oka sites in opposite orientations is 
froduc* Into DNA h ,yeast such that the 3- end of me gene lies adja^m to tf»b^iwcrlption start site of 
a regulatory nucleotide sequence. A second DNA sequence comprising a reguSory rmdeottde 
sequ^and a ^gene is also introduced into the DNA. Sir^Te^eXgZ ^uToe 
^cribedn the antfeense direction, no engineered protein would be produced. After the engineered 
yeast is grown i to a desired density, the regulatory nucleotide sequence is activated thereby effecting 
expression of the ere gene and producing an inversion of the desired gene. The engineered gene could 
then be transcribed h the proper direction and expressed. 

Materials and Methods 

Ceteius 53 ° ,heiWiSe spewed, parts and percentages used in this section are by weight and degrees are 
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Strains and Media 



— £°5 strains DH1 and DH5 AlacUl69. or a derivative thereof, served as the E coG host* fnroi ^ ^ 

« a derivative of DHS. a vanant of DH1 which is disclosed and described by Hanahan. J Mot m££ 
0983, Med* used for bacterial growth are described in Mania* el * ^^S^SSbSS 5 
Manual (Cold Spring Harbor Laboratory. New York. 1982) . onmgjK Laboratory 5 

„ Th l^. ! ^ ^ StrainS D8Y745 « ma,i "9 «nd DBY931 (mating type a) were used in aU 

These strains are disclosed and described in Falco. Rosa, and^ots^, STSs aS 
(1983). Anch growth medium (YEPO) containing yeast extract peptone and dextrose SSwt 
non^eiecdve yeast growth A minimal growth medium (SD) containing dextrose an^SS s^Zl£ W 
was used for selective growth and scoring of nutritional rnarkere. Th^ media are d^edbv^^T^ 

tZlT^^L^ ^Hamor Laboratory. Mew ~JSSZ£!£SZZ 
growth on galactose. 2<Vb galactose was substituted for gfucose. To add the select™ a ™»«t <,,,ff^». 
n»thyl (motecutar weigh, 364, to solid media, it was dissofS. in aceton^^S^ 0 Sed"S To 
obtain a final concentration of 30 »tg/mL immediately prior to pouring into ^^Jshes^ 15 

DNA Preparation and Manipulations 

. Pte ? nil ? . Dl ^, was Prepared from E. coO according to (1, a rapid method substantially similar to that 

JSoolSSSS ^"r!^ 8 ^ ^ :193 (198, »- » » > «*£ chk^de^gradS 
Sn? SSSS 9 that „ d f tosed b * « *. Advanced Bacterial GenettorTTZZ » 

^SiZTff. i £22 f^f* New Y ork. (1980)). Yeast UNA was prepared by a 
mgod amaar to that described by Davis et el. Methods in Enzvmoloqv. 65: Part ■ (Academic p4SnW J& 

<Jl «A^ h i ^f^faf ' yeaS ' "!? ^O"^ >Va method similar to that of Hinnen et al. Proc, Nat Acad 
ErS^LL V^ eXCept for ** toB ° Wing modifica,ion - R^ipient cells were incubat ed with gfasuS 25 

M^m^^ 0 ^ 1 ^? 9 ° NA ** deSCribed * et *. Motecufar Ctortffxi: A Labo ratory * 
(Cold Spring Harbor Laboratory. New York, 1982). — : ^ ^ 

Southern Analysis and DNA Sequencing 
Example 1 

Site-Specific D eletion of LEU2 Gene in Yeast on Chromosome 7 

Site-specmc deletion ot a LEltt gene present in yeast Saccharomvcos cerevisiae DNA was effected « 
according to the following procedure. Yeast strains which wer e auxotrophic leucine bec ause of a^S «™ 
muteBon were transformed with the following pbsrrfds-O, P BS49 ^ingT^-T o^der rS»^ 

tbr same onentatlon. The transformed yeast strain contained a functoralTEU2 gene and couldl^inth» 
deletion ot the LEVC gene. The resulting yeast strain was dependent on le^ for growth.— 
Construction of pBS39 and pBS49 

1 ^Z^^J^^. "1^ ,Cr conslfuc «°" of Pfcsmids P BS39 and p8S49 is set forth in Rqure l 

and then Bgated to plasmid pBMISO. described by Johnston and^Davis. M*cT^4^^aTr£ 
Ptesmrf PBS49 containing the ere gene under the control of the GALl promoter was derived from plasmid 65 
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pBS39 according to the method shown in Figure 1. The Xbo 1 - Sal I fragment of psS7 containing the ere gene 
was inserted into the Xho t site present in mouse metafiothionein gene MT-1, described by PavtaJds and 
Hamer. Proa Nat Acad Sri. USA 80.-397 (1983). The resulting plasmid, designated pBS31. contained a ere 
gene upstream from the mouse MT-1 gene and, in particular, a J region of the MT-1 gene which contained a 
potyadenytation signal. The Eco Rl site at the 3* end of the MT-1 gene was converted to a Sal I site and the 
resulting Sal l-Bam HI fragment was inserted into pBS39 which had been digested by Sal I and Bam HI, to form 
pBS49. 

Plasmid pBS49 shares with pBS39 the ability to replicate autonomously in E. cofi and yeast. Both plasmids 
have a ere gene under control of a GAL1 promoter In addition, pBS49 contains a mammalian potyadenytation 
signal, provided by the MT-1 gene, located 3* to the ere gene. The potyadenytation signal may faeffitate 
expression of the ere gene in other eucaryotic cells. However. DNA sequences derived from MT-1 are 
unnecessary for pre gene expression from plasmid pBS49 in yeast, as shown below. 

Construction of pBS42 and pBS43 

A How chart illustrating the method used for construction of plasmids pBS42 and pBS43 is set forth in Rgure 
2. A LEU2 gene flanked by toxP sites in the same orientation was obtained from plasmid pRH499 according to 
the following method. The Hind til site was removed from plasmid pRH499 to form plasmid pBS30. The 6.1 
kilo base (kb) Hind III fragment of pJM53 is homologous to a region located between TRP5. a gene having a 
2q known location on chromosome 7 and required for tryptophan biosynthesis, and the LEUl gene also having a 
known location on chromosome 7. This fragment was setMigated and digested with Xho. t to produce a 
fragment joined head to tal The fragment was then inserted into the Xho I site of pBS30 in both orientations to 
produce pBS42 and pBS43. The segment of ONA from chromosome 7 present on pJM53 was included to 
direct the resulting plasmid to a homologous region on a yeast chromosome by the yeast's endogenous 
2$ recombination system. 

Transforming Yeast with pBS42 and pBS43 

Plasmids pBS42 and pBS43 were linearized with Hind III and transformed into yeast strain DBY931, which 
contains a Ieu2 mutation. Yeast cells that did not require leucine for growth were selected. Rgure 3 shows that 

39 Integration of these plasmids into chromosome 7 results in a teu2 gene flanked by loxP sites. The orientation of 
the iox sites relative to the centromere depends on whether pBS42 or pBS43 was the transforming ptasmkt 
Integration of pBS42 generates yeast strain BSY4 having a substrate chromosome with toxP sites pointing 
away from the centromere of chromosome 7 as shown in Figure 3 A. Integration of pBS43 generates yeast 
strain BSY1 6 having the loxP sites pointing toward the centromere of chromosome 7 as shown in Figure 3B. 

35 

Transforming Yeast with pBS49 

The ere gene was then introduced Into the yeast strains transformed with plasmids pBS42 and pBS43 
according to the following procedure. Yeast strain DBY745, containing mutant genes ura3 and leu2, was 
transformed with plasmid p BS49 which carries a functional URA3 gene. Transformed yeast not requiring uracil 

40 for growth were selected, and designated yeast strain BSY3. Yeast strain BSY4 which contains the toxP 
substrate on its chromosome 7 was then mated with yeast strain BSY3 which contains plasmid pBS49 having 
ere gene under the control of the GAU promoter. This mating generated a diploid yeast strain designated 
BSY38. As a control, the isogenic diploid yeast strain BSY63 was constructed which differs from yeast strain 
BSY38 only in that it lacked plasmid pBS49. Similarly, yeast strain BSY16 was mated with yeast strain BSY3 to 

45 produce a diploid yeast strain designated BSY45 which contained both a pre gene and a modified 
chromosome 7. Yeast strain BSY16 was also mated with yeast strain D8Y745 to produce the isogenic control 
strain BSY70 which lacked plasmid pBS49 and therefore the ere gene. 
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Effecting Production of the ere Gene Product • 

St John and Davis, Cell 16; 443 (1979), disclose that the GAL1 prompter Is inactive in cells growing on 
glucose but is induced to a 1000 fold greater activity in the presence of galactose. The strains shown in Table I 
were grown on plates containing either, glucose or galactose. The resulting colonies were repOcated to 
selective media to determine whether or not they required leucine for growth (a Leu- phenotype). The results 
are shown in Table I. \ 
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TABLE 1 

Deletion of LEU 2 Gene 

Plasmid Plasnid Carbon Colonies 
with lox with Source requiring 
sites ere gene leucine 



Total 
Colonies 





pBS42 


pBS49 


glu 


0 


610 


BSY38 


pBS42 


pBS49 


gal 


610 


610 


BSY63 


pBS42 


none 


glu 


0 


86 


BSY63 


pBS42 


none 


gal 


0 


80 


BSY45 


pBS4 3 


pBS49 


glu 


0 


77 


BSY4S 

> 


pBS43 


pBS49" 


gal 


100 


100 


BSY70 


pBS43 


none 


glu 


0 


60 


BSY70 


pBS43 


none 


gal 


0 


ioo 



glu - glucose gal - galactose 



completely stable non-leudne requiring (Leu*) ohemrtvDe T^ r „t ^„!S*S,f^l PBS49 showed a 
«^ gene <1> can be «pr£S£J?Sj ^7^r^^Z^ l^ 0 ^J^ " 
t™*^ Veaat cytoplasm, and (3) doe, X^^^^^J^ 
mserted into yeast ONA. Moreover, the recombination at lox sites occurs with sneTtavtob^tt^t^ 

Jn^^^T "J™. "** Sh0wn 10 *» A teg phase cuHure of yeast strain BSY38 was „rown 

on a non-selective medium conS^^ddu^i t£?-™ * ""^ 4 and P bted 

ai tfJ ^TL^Tt. c ^JL£^T: pBS78 13 def1vftd from P 85342 ^ ere me diated recom bhation 
«^to«tes m „ E. co« stert Pbsmfcl pBSTB contains sequel homiloiouTto^SSr^ 
f 6 * 82 ? to the segment of chromosome 7 ONA. derived from pJM53 buttodahom^^K^« 

bar. Rgure 5 ahm^tE. 

« ptasmW P8S49 (br^^^^^'J^^y^ 2 '- 

po54Z. Tne analysis shows thai afl teucina remmfrw* H»r^t^- i * ^ pwsnuos ptx>/B and 

th» j i . . wuu,w reqwmg oenvalives lost the 3.4 kb fragment of DMA dAtnrtbH Ku 

me probe. Instead, leucine requiring derfvslim m shm^ fa e ^ tJT , 1TV ^ oeiectea by 

owenon bad occured only on the modified chroinosome 7 ainlorJy at the lox^es^ 
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15 



SO 



25 



30 



specific <^tion had occurred, integrated plasmid DMA from each of three of meteucine requiring Isolates 
^recovered by cleaving the genomic DNA with Hind 111 The DMA from each isolate was re^tedand used 
to transform EL col The region proximate to the lox site was sequenced for two of me plasmids Yha 
sequences were found to be identical to that predicted by recombination at the lox sites. The third plasmid was 
found to be identical to the other two by restriction mapping, but no sequencing was conducted. 

Example 2 

Site-Specific Deletion of LEU2 gene in Yeast 

The following experiment shows that the recombination event at lox sites in yeast after galactose activation 
is dependent on a njntfonal pre gene. Plasmid pBS77, a derivative of plasma pBS49 whfcn contains a 
ricm-functional ere gene, was constructed according to the following procedure. Plasmid pBS49 was digested 
with Bam HI -which cuts within the ere gene -and the resulting staggered ends were made flush using the 
S en ^ f ^9 m ^ n * of DNA Polymerase L The resulting DMA was refigated to form plasmid pBS77 which is 
identical to pBS49 except that it contains a mutant ere gene which is inactive in E. co& Diploid yeast strains 
BSY91 and BSY93 were constructed according to the following procedure. Yeast strain DBY745 was 
transformed with pBS77 and yeast cells abte to grow in the absence of uracil were selected. The resuftmo 
yeast strain BSY92 was mated with BSY4 to produce BSY93. Simflarjy. yeast strain DBY745 was also 
transformed with plasmid pBS39Hdentteal to pBS49 except it lacks the mouse MT-1 DNA sequences • to yield 
a yeast strain designated BSY90. Yeast strain BSY90 was mated with BSY4 tolerate a diploid yeast strain 
designated BSY91. J 1 

/Th* yeast strains shown in Table D were grown on agar medium containing galactose and leucine. Individual 
colonies were transferred onto agar medium containing glucose and teucto and were then tested for their 
ability to grow in the absence of leucine by replica plating to appropriate plates. The results are shown in Table- 

TABLE II 

Deletion of LEU2 Gene 

Plasmid Plasmid Colonies 
Yeast with lox with requiring 
Strain sites ere gene leucine 



Total 
Colonies 



35 



40 



BSY38 
BSY91 
BSY93 
BSY63 



pBS42 
pBS42 
pBS42 
pBS42 



pBS49 
pBS39 
pBS77 
none 



10 
10 
0 
0 



10 
10 
10 
10 



45 



50 



55 



60 



65 



Table Dshows that the presence of galactose does not affect deletion of the LEU2 gene in yeast transformed 
witftpBS77 containing the mutant ere gene. Table II also shows that pBS397whfch lacks the portion of the 
mouse metaflothionein gene present in pBS49. is capable of expressing the ere gene and affecting 
recombination at lox sites in yeast DNA. Therefore, no portion of the MT-1 gene is reared for expression or 
function of the ere gene in yeast transformed with plasmid pBS3a 

Example 3 

Site-Specific Deletion of LEU2 Gene in Yeast on Chromosome 13 

This example demonstrates that Cre mediated recombination at tox sites can occur on a yeast chromosome' 
other than Criromosome 7^ 

sites at the OA/2 locus ^chrornosorre 13 were constructed a^ 
^ wWch codes for sutforrmhm^n methyl 

described by FaJco and Dumas, Genetics 109: 21 (1985). Plasmid pCP2-4-10 Is deposited In the American Type 
Culture Coflection and bears deposit accession number 39606 The Oa I and Hind ID sites flanking the ILV2 
gene on pCP2-4-10 were converted to Xho I sites. The fragment resulting from digestion with Xho I was 
inserted mto the Xho I site of pBS30 to form plasmids pBS44 and p8S47 which differ only in the orientation of 
the inserted Xho I fragment containing the gene. These two plasmjds were integrated Into chromosome 
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^ftransform^ yeast strain 0BY931 and selecting for noivteucme requiring transformants according to a 
f?**** 0 ^2°,"** Ascribed in Example 1. Integration of ptasmHJ pBS44 into the 0.V2 toSs on 
c^rno^me 13 yielded yeast strain BSY23. tntegratkm of plasmid p8S47 into the fLV2 locus re^edVye^ 

^ !f!^n^S ne f ^ Uiri ^ tranS,0fmarrts obtained b * forming yeasfcefts with pBS44 - such as 
^^h^I^l^c,^ * them with pBS47 - such *as yeast straM 

BSY27 m that the verted LEU2 gene has flanking tax sites in opposite orientations with respect to each 
omer. as shown m Figure 6. The structures of these chromosomes were verified by Southern analysis nwn* 
strains of yeast containing one of these duornosonua, and pBS49 which prov^eda^ne uSSKS 
^ ^ Z^t by D mating BSY23 with BSY3 to generate yeast su^BSY31 andXwS 

yeast straw DBY745 to generate the Cre- control yeast strain BSY56, and 2) mating BSY27 with BSY3 .a 

coZr^^^ m m °° *** COntain ^ aatect ose and leucine. rndMduai 

cotonms were transferred onto agar medium containing gJucose and leucine and were then tested tame* 
abifity to grow u, the absence of teucine by repfca plating to appropriate plates. The results are s^btSl 

TABLE III 



Yeast 
Strain 



Deletion of LEU 2 Gene . 

Plasmid Plasmid Colonies Total 
with lox with requiring Coloni 
sites cre gene leucine 



BSY31 
BSY56 
BSY35 
BSY59 



pBS44 
pBS44 
pBS47 
pBS47 



pBS49 

none 

PBS49 

none 



5 
0 
5 
0 



5 
5 
5 
5 
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r^l^Zt^ ^\ sf0rm ? d contain a cre gene delete the L£U2 gene when grown on 

ZZEZt^T™ 9 ^* a ° en9 " roduct <* the cre gene is able to 

«tente6onw^ respect to normal sequence of chromosome 13 to generate chromosomal detetJoTon 

CJHOmmnmo 1:1 ac well ae /->n ^rMiMMu -» ^ w " 
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13 as weU as on chromosome 7. 

Example 4 



CI rim e 

t A strain of yeast transformed with the following DMA sequences: 
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Site-Specific Inversion of LEU2 Gene h Yeast 

^1^^!^^°" °* a™ P™ 8 ™ DMA is effected according to the following method. A 45 

^i^T^.?"^? 9 a £5 9*ne under control of the GAU promoter is construct accortSng to a method 
«rt«r to that used toconstroct pBS39 and p8S49 aTshown in Rgure 1. A second piasn^c^tSI 
selectable marker such as. sulfomsturon methyl resistance and a LEU2 gens flankedby loxPsites^is 
construed acco^ to a n«thod simi^ tom^ 

g«r»e b «serted hto the plasmid (1) wrthout a promoter. (2) with flanking loxP sftasfc, o^te^ta^s » 
w^reapectto each other and (3) wrth y end of the LB^ ge^ proximate toTnLcleotide^giitory sequence 
such that the gene is transcribed in an antisense^rectfon. 
Ayeast straii which is auxotrophic for leucine is transformed with both ptasntids accortfina to a method 

promoter The QAL1 promoter b activated by the presence of galactose aT described in Exanqjle^thereby ' 

SZZZ^Z r ^ ^^produdng »» im^ofthel^gene.Tn.ro^yS 
capable of growing In the absence of leucine. 
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I a^L^n^T COmP ' i ^ 3 re9Ulat0ry nudeotld8 se ^Bnca and a era gene . 
■) a second DNA sequence comprising a first tax site, and ~ 

5D a third DNA sequence comprising a second tax site 
by^pSS^ ^ n f '• "» SeCOnd "« DNA seances are connected 

.t^^^^^rc.^^r pre - se,ected dna ^ *•--<* ■ 

are 4 ^^ h " "» * ■» «■*» herein the first and second to site, 

be^^pr^ 

s^er^a 0 '^^?, 6 ' "* "* <" *" **» " te * ^ "—fide 

- tn^oS^ 3 ^^"^^ 
8. The ptasmfd p8S39. 

JL**^*™" 9 £2 sites connected by a pra-selected DNA segment, said plasmid beino 
capable of transforming yeast. p-asrroa oemg 

10. The plasmid pBS44. 

» ^ "^croorganisni transformed with a plasmid' as claimed in any one of claims 7 to 10 
E. A stain of yeast transformed with a plasmid as cfaimed in daim 7 or ctairo 8 
0. The stram of yeast deposited as ATCC 20772 and mutants thereof * 
W. A stran of yeast transformed with a plasmid as claimed in daim 9 or claim 10 
B. The strain of yeast deposited as ATCC 20773 and mutants thereof. 

B. A process for producing a diploid strain of yeast as defined nay one of claims 1 to 8 W* 
ST.S s * fain cf yeast as claimed in claim 12 or daim Q wittTa strain o^yeast J J^ 

17. A method for producing site-specific recombination of DNA in yeast which comorises nrth/att™ 

Claims for the following Contracting States: AT.ES 

1 A P 7 C ^tl° r - Specific recombination of DMA in yeast, comprising- 

a) introducing into the DNA the following DNA sequences* ' 

L a ^ln D H N nM S f qUenC8 COmpfisin9 3 re 9 ula,w y nucleotide sequence and a ere gene. 
S]a second DNA sequence comprising a first to site, and — 

iB) a third DNA sequence comprising a second to site, and 

b) achvatingthe regulatory nucleotide sequence thereby effecting expression of the ere aene 

3. A process as claimed in claim I or daim 2, wherein the ere gene Is isolated from bacterioohaon Pt 
^ Am as claimed In any one of the preceding dain«7wnerein the fir* lUSSSSS £ 

o a L^^^!^. Cla ! med . in , any 008 " ** P recedi "g claims, wherein the pre-selected DNA segment is a 
gene lor a functional protein, an enzyme, or a regulatory molecule segment is a 

felGAin^te^ 
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